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BLOW MOLD SHELL AND SHELL
ASSEMBLY

FIELD OF THE INVENTION

This nvention relates in general to stretch blow mold
machinery, and to the blow molding of containers. More
particularly, this invention relates to an improved blow mold
shell having separately defined and independent cooling
circuits formed as a part thereof for a container neck forming
portion, and a container body sidewall forming portion of
the shell, respectively, and to a shell assembly comprised of
two substantially identical ones of the shells releasably
mated to one another.

BACKGROUND OF THE INVENTION

A large number of beverages, as well as a variety of food
products, are packaged 1 plastic bottles and/or containers.
Plastic has proven to be readily adapted to being formed into
a variety of shapes and sizes, and a variety of plastics can be
used to form bottles to package beverages, for example,
non-carbonated, carbonated, refrigerated or pasteurized
beverages, as well as containers for semi-solid food
products, to 1include mayonnaise and peanut butter.

The plastics used to form these containers may include
high density polyethylene (“HDPE”) used primarily for
forming milk bottles and for industrial applications, for
example forming drums, flasks, and toys; polyvinylchloride
(“PVC”), the pioneer polymer used in packaging non-
carbonated or slightly carbonated beverages; and polyeth-
ylene terephthalate (“PET”), which i1s a lightweight trans-
parent plastic material having superior resistance to 1mpact,
heat, and pressure, and which 1s 100% recyclable. PET 1s
among the most commonly used plastics for packaging
non-carbonated and carbonated liquids, to include water,
fruit juices, soft drinks, cooking oil, household cleaning
products, as well as liquids which may have required pas-
teurization or hot filling.

PET containers are typically formed 1n one of three types
of blow molding operations. These operations include extru-
sion blow molding, injection blow molding, and lastly
stretch blow molding in which a preheated preform, also
known as parison, 1s placed between a pair of releasably
mated shell halves, a stretch rod 1s extended within the
preform to stretch it to the desired length, and air 1s 1njected
into the preform through the stretch rod to force the preform
against a mold cavity defined within and as part of the mold

shell halves.

Although the use of PET 1n the stretch blow molding of
containers has proven to be extremely successiul and has
cgained widespread acceptance 1n the marketplace, the prob-
lem persists 1n the ability to adequately and precisely control
the temperature of the molds during the blow mold process
such that the thinnest allowable container sidewall 1s molded
during the formation of the bottle or container. The greatest
expense, approximately 90%, of forming a PET container 1s
not the machinery itself, but rather is the cost of the PET
used to produce the container. As modern stretch blow mold
machines are capable of attaining production rates beyond
50,000 bottles an hour for standard and flat bottles, for
example those bottles capable of being manufactured by the
SBO family of stretch blow mold machines manufactured by
Sidel, Inc., if the cost of the PET preform can be minimized,
this savings, when taking into account the number of bottles
produced 1 an hour, and over the course of a machine’s
lifetime, 1s quite significant.

When blow-molding a PET container it 1s desirable to
mold the upwardly extending neck portion to have a thicker
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sidewall or cross-section than the elongate sidewall or body
portion of the container which extends between the neck and
a spaced base portion of the container. It 1s also desirable that
the base portion be molded to have a body section thicker
than the sidewall. All that 1s required of the sidewall 1s that
it posses suflicient structural strength such that 1t will not
rupture during handling or packaging, and will also act as a
suitable vapor barrier for sealing the product within the
container.

It 1s known to define a cooling channel within the shell
holder or a support plate to which a blow mold shell is
fastened so that a cooling fluid 1s passed through in the
cooling channel 1n the attempt to cool, indirectly, the side-
wall of the mold. This, however, has generally proven to be
ineffective 1n attaining the molding of thin sidewall sections.
An 1mproved blow mold assembly which formed a cooling

channel between the shell holder and the exterior of the mold
itself 1s disclosed 1n U.S. Pat. No. 3,768,948 to Horberg, Jr.

et al. The device of Horberg utilizes the exterior sidewall of
the mold shell and a cooperating exterior sidewall of a
manifold provided as a part of a shell holder to form a single
continuous cooling passageway, which passageway 1s
divided into a number of parallel channels in which fluid 1s
introduced at the neck portion of the mold and allowed to
flow along the exterior of the shell until 1t 1s discharged
approximate the base portion of the mold shell.

An improvement over the device of Horberg, et al. was to

provide a cooling circuit defined internally within, and as a
part of the mold shell itself. This 1s illustrated 1n U.S. Pat.

No. 3,601,858 to Blanchard, and 1n U.S. Pat. No. 5,255,889
to Collette, et al. The problem with these internal cooling
circuits, however, 1s that only a single cooling circuit is
provided for cooling both the neck and the sidewall portion
of the container, for example, as 1n Collette, and for also
cooling the base of the container as shown in Blanchard.
Thus, the ability to separately control the temperature of the
mold cavity with respect to the neck and the sidewall
portions of the container was not possible. This will result in
the sidewall of the container being molded 1n a thicker
section than needed along the body portion of the container,
which has the undesirable effect of driving up material costs.
Although an 1improvement over the device of Horberg, et al.
for example, these latter two patents still failed to provide a
means for adequately cooling the body portion of the
container within a unitary shell to allow for the molding of
a “thin” sidewall.

Several sectional blow mold shell assemblies have been
developed 1n which a plurality of complimentary shaped
mold sections may be mated or stacked together for con-
structing a mold shell (shell half) of a desired shape and size,
with each of the individual mold sections being provided
with a separate cooling circuit for heat treatment/stress
crystallization purposes. Examples of this type of construc-
tion are disclosed 1n U.S. Pat. No. 4,233,022 to Brady, et al.;
U.S. Pat. No. 4,701,121 to Jakobsen et al.; U.S. Pat. No.
4.822.543 to lizuka, et al.; U.S. Pat. No. 5,255,889 to
Collette, et al.; and U.S. Pat. No. 5,411,698 to Mero, et al.

The problem with using sectional blow mold shell
assemblies, however, 1s the inherent cost of machining the
separate mold sections which together cooperate to form the
mold shell, to the required degree of precision for defining
a continuously shaped molding cavity without unsightly
parting or joint lines between each section 1n the container
where these sections adjoin one another, the complexity of
the cooling fluid connections to the mold shell sections, the
resultant labor costs 1nvolved 1n assembling these molds,
and 1n changing these molds out when differing shaped and
sized bottles and/or packaging containers are to be molded.
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What 1s needed, therefore, but seemingly unavailable 1n
the art, 1s a unitary blow mold shell with an independent
cooling circuit for the neck portion of a molding cavity
defined within the shell, and a second independent cooling
circuit also defined within the shell for cooling the body or
sidewall portion of the container as it 1s molded. There 1s
also a need for such an improved blow mold shell/shell
assembly in which the cooling fluid supply line(s), and fluid
discharge line(s), respectively, may be placed in direct
scaled fluid communication with these cooling channels
without otherwise having to be passed through an interme-
diate support or holder plate to which the mold shell is
otherwise mounted. Lastly, there 1s a need for an 1improved
method of blow molding containers using such a mold shell
which allows for the precise control of the thickness of the
sidewall of the container during the blow molding process.

SUMMARY OF THE INVENTION

The present mvention provides an 1improved blow mold
shell, a blow mold shell assembly, and a method of blow
molding containers which overcome some of the design
deficiencies of the known blow mold shells, shell
assemblies, and methods. The mvention provides a simple,
efiicient, and cost effective blow mold shell adapted for use
in molding containers in which the temperature of a neck
forming portion and a body forming portion, respectively, of
a partial molding cavity defined within and by the shell may
be separately and precisely controlled such that the sidewall
of the container may be molded 1n as thin a cross-section as
possible, or desirable.

The 1mproved blow mold shell of this invention 1s pro-
vided as a unitary blow mold shell having a first end and a
spaced second end, with an elongate continuous sidewall
extending between its first and second ends, respectively. A
partial container molding cavity 1s defined within an interior
surface of the blow mold shell. A first cooling fluid circuit
or passageway 1s defined within the shell with respect to a
container neck forming portion of the molding cavity, and a
second 1ndependent cooling fluid circuit or passageway 1s
defined within the shell with respect to the container body
forming portion of the molding cavity, which extends in a
lengthwise direction between the first and second ends of the

shell.

The blow mold shell assembly of this invention 1s formed
by releasably mating two substantially 1identical ones of the
mold shells together. The shell assembly may also be
provided with a separate base member constructed and
arranged to be received between the two mold shells as they
are closed on one another and about a heated plastic preform
during the molding process. The base member defines a base
forming portion of the container. A separate third cooling
fluid circuit or passageway may be defined within the base
member to separately cool the base portion of the container.

Due to the unique construction of the blow mold shell and
shell assembly described above, an improved method of
blow molding a container 1s provided. This method 1s
particularly well suited for use on a stretch blow machine for
forming a container of the type having a neck, a spaced base,
and an elongate body extending between the neck and base
thereof. The method includes the steps of positioning a
preheated tubular preform at a first end of an elongate blow
mold shell assembly, stretching the preform 1n a lengthwise
direction from a first end toward the second end of the shell
assembly, and injecting pressurized air into the preform to
radially expand the preform against a molding cavity defined
within and by the shell assembly.
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The method also includes the steps of cooling a neck
forming portion of the molding cavity by passing a first
cooling fluid through a first cooling fluid circuit defined
within the mold with respect to the neck forming portion of
the mold so that the neck of the container 1s molded to have
a first wall thickness, and separately cooling a body forming
portion of the molding cavity by passing a second cooling
fluid through a second independent cooling fluid circuit
defined within the mold with respect to the body forming
portion so that the sidewall of the container 1s molded to
have a second wall thickness along the body of the container.

It 1s, therefore, an object of the present invention to
provide an improved blow mold shell which 1s constructed
such that a neck forming portion of the mold shell can be
cooled separately and independently of a body forming
portion of the mold shell.

Yet another object of the present invention 1s to provide an
improved blow mold shell which 1s simple in design and
construction, 1s rugged and durable 1n use, and 1s easy to use.

It 1s to these objects, as well as to the other objects,
features and advantages of the present invention, which will
become apparent upon reading the specification, when taken
in conjunction with the accompanying drawings, to which
this invention 1s directed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 115 a side elevational view of a pair of the blow mold
shells of this invention.

FIG. 2 1s an elevational view of one of the blow mold
shells of FIG. 1.

FIG. 3 1s a top cross-sectional view along line 3—3 of

FIG. 1 1llustrating the neck cooling circuit defining within
the blow mold shell.

FIG. 4 1s a side cross-sectional view along line 4—4 of

FIG. 1 illustrating a body cooling circuit within the blow
mold shell.

FIG. § 1s a fragmentary side cross-sectional view of an
illustrative bottom cross port connection formed as a part of
the body cooling circuit within the blow mold shell.

FIG. 6 1s a top cross-sectional view along line 6—6 of
FIG. 2 illustrating an exemplary top cross port connection
within the body cooling circuit of the blow mold shell.

FIG. 7 1s a side cross-sectional view of the improved blow
mold shell assembly of this mnvention, illustrating also the

differing sectional wall thicknesses of a plastic container
blow molded therewith.

FIG. 8 1s a side cross-sectional view of an alternate
embodiment of the blow mold shell of this invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings, 1n
which like reference numerals indicate like parts about the
several views, and 1n which preferred embodiments of the
invention are shown. It 1s understood by those skilled in the
art that this invention may be embodied 1n many different
forms, and should not be construed as being limited to the
embodiments set forth herein. Rather, the embodiments set
forth herein are provided so that the disclosure will be
thorough and complete, which embodiments will fully con-
vey the scope of the mvention to those skilled in the art.

Referring now to FIG. 1, a pair of substantially identical
clongate blow mold blow shells 5§ are disclosed, which are
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substantially 1dentical to one another, and may be com-
pletely 1dentical if so desired. Each blow mold shell 5 has a
first end 6 and a spaced second end 7. Extending between the
two ends of the blow mold shell 1s an elongate sidewall 9

having an outwardly facing exterior surface 10 and an
interior surface 11 (shown in FIG. 4). Each blow mold shell

5 1s fashioned by being machined from a ductile metal,
preferably stainless steel, although other types of steel or
metals suited for use as blow mold shells may suffice.

As best shown 1n FIGS. 4 and 7, a partial molding cavity
13 1s defined within the interior surface 11 of the blow mold
shell. In known fashion, the partial molding cavity will
define a container neck forming portion 14 approximate the
first end 6 of the blow mold shell, and a container body
forming portion 15 extending between the container neck
forming portion and the second end 7 of the blow mold shell.

A first cooling circuit 17 1s defined internally within, and
as a part of, the blow mold shell 5, and 1s 1llustrated in FIG.
3. This first cooling circuit 1s positioned with respect to the
container neck forming portion of the partial molding cavity,
and 1s provided for the purpose of cooling the neck forming
portion of the molding cavity during the molding of a
container therewith. The first cooling circuit 1s comprised of
an 1nlet port 18 defined within a flat face 19 formed on the
exterior surface of the blow mold shell, and at the first end
thercof. The cooling circuit extends toward the interior
surface of the blow mold shell along a first leg 20 drilled into
the shell, which 1s cross ported 1nto a second leg 20" which
1s drilled 1nto the shell from the interior surface toward the
exterior surface thereof. A mirror image cross port leg 20" 1s
also drilled from the interior surface toward the exterior
surface of the shell, and intersects the second leg 20'.
Thereafter, a fourth leg 20™ 1s drilled through a discharge
port 22 extending toward, and intersecting the third leg of
the neck cooling circuit 20".

The neck cooling circuit thus defines a continuous circuit
extending within the shell with respect to the neck forming
portion of the shell. It 1s intended that a cooling fluid will be
passed through this cooling circuit, for example water,
cthylene glycol, or an ethylene glycol water mix, for
example, for the purposes of cooling the container neck
forming portion of the molding cavity such that the neck of
the container 95 (FIG. 7) is blown to have first wall section
thickness 96 as desired. Advantageously, the neck cooling
circuit 1s included closely adjacent the cavity for maximum
efficiency 1n high temperature applications. It 1s also antici-
pated that a heat-treatment fluid, for example a heated oil,
may be passed through the first cooling circuit rather than a
cooling fluid to heat-treat the container being molded.

The first cooling circuit 17 1s supplied with cooling fluid
through a cooling fluid supply line 21 sealed on to inlet port
18. In similar fashion, a cooling fluid discharge line 23
extends from discharge port 22, and 1s 1n sealed engagement
therewith. It 1s anticipated that the supply line and discharge
line will each be a length of a flexible fluid-tight hose
extending from a supply manifold (not illustrated) provided
as a part of a blow mold machine (not illustrated) and into
scaled fluid engagement directly with the inlet and discharge
ports, respectively, of the blow mold shell. Although 1t 1s not
illustrated, 1t 1s anticipated that, in known fashion, the
cooling fluid supply line and the cooling fluid discharge line
for the neck cooling circuit of the shell § may be passed
directly through a shell holder (not illustrated) to which the
shell 1s fastened, rather than through a separate hose or
pipeline.

As shown 1n FIG. 3, the open end of leg 20, as well as the
open end of leg 20" of the neck cooling circuit 17 are each
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scaled by a plug 25, 26, respectively. These plugs 25, 26,
will preferably comprise hydraulic seals or other fluid-tight
scals which will be press {it 1into the openings defined within
the surface of the shell once the respective legs of the neck
cooling circuit have been drilled within the shell body.

Referring now to FIGS. 3-6, a secparate, independent
second cooling circuit 28 extends along and 1s spaced with
respect to the container body forming portion 15 of the mold
shell 5. The second cooling circuit 1s separate, and indepen-

dent of the first cooling circuit and thus i1s operated inde-
pendently of the first cooling circuit in fashion heretofore
unknown 1n the art within a unitary blow mold shell.

The second cooling circuit 28 begins with an inlet port 29
defined within the exterior surface 10 of the blow mold shell
5. A cooling fluid supply line 30 is received on inlet port 29
in sealed fluid engagement therewith, and preferably com-
prises a flexible fluid-tight hose, although a rigid pipeline
can be used if so desired, as well as for the neck cooing
circuit. The inlet port, which 1s drilled into the body of the
shell, includes a side cross port which extends to a first
downwardly extending leg 32 of the body cooling circuit.
First leg 32 1s formed by being drilled downwardly from the
top of the shell to a predetermined depth. The side port 1s
drilled into the shell to mtersect the top port. An elongate
continuous body cooling passageway 1s drilled within the
shell, from the second end 7 toward the first end 6 of the
shell, and lies along the body forming portion 15 of the
partlal molding cavity 13 defined by the shell. The first leg
1s provided with a top plug 33, a side plug 34, and a bottom
plug 36 which together seal the top, side, and bottom
openings within the shell drilled to define the first leg 32 of
the second cooling circuit. Each of these plugs 33, 34, and
36 will preferably comprise a hydraulic seal, or plug,
identical 1n construction to plugs 25 and 26. Each of plugs
33, 34, and 36 1s press fit 1nto its respective opening defined
within the exterior surface of the mold shell.

As best shown 1n FIG. 5, the end of first leg 32 which
extends to the second end 7 of the shell 1s cross ported to an
upwardly extending second leg 41 of the second cooling
circuit 28 by a bottom cross port connection 38. The bottom
cross port connection comprises a first leg 39 drilled into the
second end of the shell through the opening at the second
end of the shell for the first leg of the second cooling circuit,
and a second leg 40 which is extended (drilled) through an
opening drilled within the second end of the shell to define
the upwardly extending second leg 41 (FIG. 6). These two
legs 39 and 40 intercept one another as shown such that a
continuous fluid passageway 1s created for allowing the
cooling fluid to pass from first leg 32 to second leg 41 of the
body cooling circuit. The bottom cross port connection
includes a bottom plug 42, preferably a hydraulic seal, for
plugging the opening used to define the second leg 40 of the
cross port connection and the second leg 41 of the second
cooling circuit. The opening at the bottom of the first leg of
the cooling circuit 1s plugged with the plug 36, as described
above.

The second leg 41 of the body cooling circuit extends
upwardly along and with respect to the body forming portion
of the mold cavity defined by the shell until it intersects a top
cross port connection 43 illustrated in FIG. 6. The top cross
port connection 1s defined by an opening 44 which 1s drilled
into the exterior surface of the blow mold shell, and extends
as an elongate continuous longitudinal bore 46 drilled into
the shell intermediate the first and second ends of the shell.
Once the bore 1s drilled, the open end 44 thereof 1s plugged
with a hydraulic seal or plug 47 constructed in fashion
identical to plug 42, as well as plugs 36, 34, and 33 described
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above. So constructed, the cooling fluild which passes
upward along second leg 41 will pass along the longitudinal
bore 46 toward a third leg 49 of the second cooling circuit,
the third leg 49 being drilled within the shell 1n fashion
identical to the second leg 41, and extending along and
spaced with respect to the body forming portion of the
molding cavity toward a second bottom cross port connec-
tion (not illustrated), preferably constructed in fashion iden-
fical to bottom cross port connection 38 of FIG. 5.

Thereatter, extending upwardly from the second bottom
cross port connection will be a fourth leg 50 (FIGS. 3, 6) of
the second cooling circuit which extends upwardly to a
discharge port 51 (FIG. 3) drilled into the exterior surface of
the mold shell 1n fashion similar to the formation of inlet
port 29. Fourth leg 50 1s formed within the shell § 1identically
to the formation of first leg 32, to include the requisite
bottom, side, and top ports and plugs, such as side plug S50’
(FIG. 3), for sealing the passageway within the shell. A
cooling fluid discharge line 52 1n sealed fluid engagement
with the discharge port extends away therefrom, and pret-
erably comprises a length of flexible fluid-tight hose,
although rigid piping may be used if so desired.

So constructed, a first cooling fluid may be passed through
the first cooling circuit 17, through the inlet port 18, and
exiting therefrom through the discharge port 22 for cooling
the neck forming portion of the molding cavity. A second
separate cooling fluid, which may again comprise water,
cthylene glycol, or a water ethylene glycol mix, or any other
suitable cooling fluid, and which may also include heating
fluids, for example heated oils, for either the neck or body
looking circuits, 1s passed continuously through the shell by
being mtroduced mnto the shell through inlet port 29, passing,
downwardly along the shell from the first end toward the
second end thereof along first leg 32, porting over to the
second leg through the bottom cross port connection 38, and
passing upwardly along second leg 41 to the top cross port
connection 43. The cooling fluid then passes along the
longitudinal bore of the top cross port connection to the third
leg 49, and passes downwardly therein to a second bottom
cross port connection, whereupon the fluid 1s passed
upwardly within the shell through the fourth leg 50, along
and with respect to the body forming portion 50 of the
molding cavity, and exits the shell through discharge port 51.
Thus, advantageously cooling fluids may be passed through
both the first cooling circuit 17 and the second cooling
circuit 28. Alternatively, a cooling fluid may be passed
through cooling circuit 17 and a heating fluid may be passed
through the second cooling circuit 28, or vice versa.

A blow mold shell assembly 35 constructed of two of the
blow mold shells 5 i1s illustrated in FIG. 7. The blow mold
shell assembly 1s formed by taking two substantially 1den-
tical ones of blow molds shells 5, the shells need not be
identical, but 1s anticipated that they typically will be, which
are releasably mated to one another 1n known fashion such
that the two partial molding cavities 13 (FIG. 4) thereof, will
define a blow mold cavity about a longitudinal axis denoted
by the reference character “A” 1 FIG. 7. An annular spacer
collar 56 1s fastened to the second end of each blow mold
shell 5, typically by being screwed thereto. The spacer collar
sits intermediate the second end of the blow mold shell, and
an annular locking collar 57 sized and shaped for receiving
a base assembly 59 therein 1n locking fashion.

Base assembly 59, as shown 1n FIG. 7, 1s conventionally
constructed and includes a pedestal 60 defining a continuous
locking ring 61 therein for being received by the locking
collar §7 of the two mold shells 5 as the mold shells are

closed about the plastic (PET) preform 90, shown in phan-
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tom lines, used to blow mold a container. A continuous base
forming portion 63, known to those skilled 1n the art as the
“crown” of the container, 1s removably afixed to the ped-
estal 60, and defines the base portion of the container 95 that
will be blow molded therein. In known fashion, a third
cooling circuit 64 1s defined within the base assembly 59,
which includes an inlet passageway 65 defined within the
pedestal, a cooling passageway and/or chamber 67 formed
within the base assembly along and with respect to the base
forming portion 63 of the mold assembly, and a discharge
passageway 68 extending away therefrom. Base assembly
59 1s reciprocally moved toward and away from the second
end of the mold shells 1n known fashion.

Still referring to FIG. 7, the two blow mold shells 5 are
supported on a respective one of a first shell holder 70, and
a second shell holder 71. These two shell holders are each
fastened to a blow mold machine (not illustrated), typically
by being fastened to an operating mechanism of the type
disclosed mn U.S. Pat. Nos. 5,362,250, and 5,683,729, the
provisions of each such patent being incorporated herein
fully by this reference, so that as the two mold shells are
closed about the preform 90 shown 1n phantom lanes 1n FIG.
7, they are also closed about the base assembly 39 for
forming a substantially closed blow mold cavity used to
define the container 95 to be molded therein.

Due to the construction of blow mold shell 5 as described
above, the cooling fluid supply lines 21 and 30 for the neck
and body cooling circuits, respectively, as well as the
cooling fluid discharge lines 23 and 52 for the neck and body
cooling circuits of the shell, respectively, are at the first end
of the shell 6, as best shown 1n FIGS. 1-3, such that there
1s not a need to define a cooling fluid supply or discharge line
within the shell holders for the purposes of supplying the
respective shells. By being constructed in this manner, 1t 1s
therefore not necessary to have a sealed interface between
the shell holder and the shell for passing cooling fluid into
and out of the shell, which thus stmplifies the changing over
of the shells on a blow mold machine when 1t 1s desired to
change from producing a container of a first size to a
container of second differing size.

Also, by constructing the shells 1in this manner, 1t 1s not
necessary to purge the cooling circuits within the shells and
shell holders prior to changing the shells out. All that is
needed 1s to remove the cooling fluid supply and discharge
lines at the first end of the respective shells, remove the
shells from the holders, place new shells 1n the holders, and
then fasten the cooling supply fluid and discharge lines to the
mold shells. Although not 1llustrated herein, it 1s anticipated
that the respective cooling fluid supply and discharge lines
which are 1n sealed fluid engagement with the shell can be
equipped with a snap fit connector, the snap {it connector
having an integral check valve formed as a part thereof, to
further speed and simplify the changing over of the mold
shells from a first to a second size.

As shown 1n FIG. 7, each one of shell holders 70 and 71
includes an annular mounting ring 72, 1.e. a flange, at the
upper end thereof. The mounting ring 1s sized and shaped to
be received within an annular mounting slot 74 defined
within the exterior surface 10 at the first end 6 of the blow
mold shell 5. The mounting slot 1s defined by a pair of

shoulders 75, 76, as shown 1n FIGS. 2 and 4.

Although 1t 1s not 1llustrated herein, it 1s anticipated, 1f so
desired, that the flat face 19 need not be defined within the
exterior surface of the shell, rather the inlet port 18 and the
discharge port 22 of the neck cooling circuit 17 may be
drilled directly into the arcuate exterior surface of the shell,
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as are 1nlet port 29 and discharge port 51 of the body cooling
circuit. Moreover, 1t 1s anficipated that a second annular
mounting slot (not illustrated) may be defined within the
exterior surface of the shell, spaced parallel to and 1nterme-
diate the mounting slot 74, and the second end 7 of the blow
mold shell so that the blow mold shell of this invention may
be easily retrofit to certain of the known types of blow mold
machines currently available.

Referring now to FIG. 8, an alternate embodiment of the
blow mold shell 5' having a first end 6' and a spaced second
end 7' 1s 1llustrated. As with the blow mold shell § of FIGS.
1-7, the blow mold shell 5' has an elongate sidewall 9" with
an 1nterior surtace 11' which defines a partial mold cavity 13
defining a container neck forming portion 14' and container
body forming portion 15'. In the same fashion as described
for the first blow mold shell 5 1n FIGS. 1-7, blow mold shell
5" also has a first or neck cooling circuit 17", and a second or
body cooling circuit 28' separately and independently
defined within the shell. Here, however, the second cooling
circuit 28' 1s provided with cooling fluid through the shell

holder 700, rather than by separate supply lines as shown 1n
FIG. 3.

As shown 1n FIG. 8, therefore, the shell holder 70' has a
fluid supply passageway 81 defined therein which is 1n
registry with the side opening defined (drilled) within the
exterior surface of the blow mold shell for the first leg 32' of
the second cooling circuit in which the side plug 34 would
otherwise be received, as shown, for example 1n FIGS. 3 and
4. Top plug 33' will plug the top of the first leg 32' of the
body cooling circuit, and the bottom plug 36' will plug the
bottom of the leg. The body cooling circuit will include two
bottom cross port connections 1dentical to that shown in
FIG. 5 for the two pairs of legs within the cooling circuit,
and a top cross port connection similar to that shown 1n FIG.
6 as well, although neither of these 1s 1llustrated 1in FIG. 8.
The body cooling circuit 28' is thus a continuous cooling
circuit as 1s body cooling circuit 28 described above.

Still referring to FIG. 8, a fluid discharge passageway 82
1s defined within shell holder 70' for allowing the cooling
fluid to exit from the body cooling circuit 28' through the
side port shown drilled for the fourth leg of the cooling
circuit. The fluud discharge passageway 82 of FIG. 8 1is
defined at the top end of the shell holder 70" parallel to
supply passageway 81, and 1s located at the top portion of
the fourth leg of the body cooling circuit 28' such that the
fluid passes entirely through the cooling circuit before being
discharged from the shell through the shell holder. This 1s
accomplished by passing the fluid through the side discharge
port drilled 1nto the fourth leg of the body cooling circuit,
such that this opening 1s 1n registry with the opening 1s 82
defined within the shell holder 70 for allowing the cooling
fluid to pass from the blow mold shell.

Referring to FIG. 7, a tubular PET preform, also known
to those skilled 1n the art as a parison, 1s 1llustrated as 90 1n
phantom line at the upper end 6 of two blow mold shells 5
prior to being molded into a container 95. The PET preform,
in known fashion, has a first threaded end 91 and a second
closed end 92. The preform will extend along axis A, and 1s
received within a neck opening 93 at the first end of each
shell, formed about axis A, as i1llustrated 1n FIG. 3. After the
PET preform 1s pre-heated, 1t 1s placed within the neck
opening 93 of two shells, and the shells are closed about the
preform and the base assembly 59 once it has been moved
into position upwardly along axis A, such that the shells and
the base assembly form a substantially closed blow mold
cavity. Once this 1s done, an elongate stretch rod 94, in
known fashion, 1s sealed on the threaded end of the preform
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and extended therein so that 1t stretches the preform toward
the second end 7 of the blow mold shells 5. Once this 1s
accomplished, compressed air, or any other suitable fluid, 1s
passed 1nto the preform through the stretch rod, such that the
preform expands and takes on the shape of the container
neck forming portion 14, container body forming portion 15
(FIG. 4) and the container base forming portion 63 (FIG. 7)
of the container 935 1illustrated in FIG. 7.

As the neck cooling circuit 17 1s controlled separately
from the body cooling circuit 28, it 1s possible to control the
temperature of the neck separately from the temperature of
the body, so that the body portion of the container 1s molded
to be as thin as possible but yet will posses sufficient
structural strength and act as a suitable vapor barrier 1n order
to minimize the amount of PET material used to form the
preform and the container.

This 1s best shown 1n FIG. 7, which shows a first wall
section 96 for the container along the neck/neck forming
portion of the molding cavity having a first thickness or
section, a thinner second wall section 98 extending along the

body forming portion of the molding cavity, namely between
the first and second ends of the mold shell, and a thicker
third wall section 99 along the base portion of the container.
It 1s anticipated that the neck and base will both be thicker
than the sidewall. The base will be cooled separately by the
third cooling circuit 64 defined within and as a part of the
base assembly 59, such that in this shell assembly, and this
method of molding blow mold containers, the neck, the
body, and the base of the container are separately cooled
and/or heat-heated 1n fashion heretofore unknown in the art
for a unitary blow mold shell.

It will be appreciated that many modifications and other
embodiments of the invention will come to mind to one
skilled 1n the art to which this invention pertains, having the
benelit of the teachings presented 1n the foregoing descrip-
tion and the associated drawings. It 1s thus to be understood
that the invention 1s not to be limited to the speciiic
embodiments disclosed herein, and that many modifications
and other embodiments of the mvention are intended to be
included within the scope of the appended claims. For
example, although differing embodiments of the mmvention
have been disclosed herein, 1t 1s understood that the neck
cooling circuit could also be supplied through the shell
holder as 1s the body cooling circuit, that the neck cooling
circuit could be provided through the shell holder and the
body cooling circuit provided through flexible hoses, or any
possible combination thereof. Moreover, although specific
terms are employed herein, they are used 1n a generic and
descriptive sense only, and not for the purpose of limiting
the described invention or the claims which follow.

I claim:

1. A blow-mold assembly for use 1 manufacturing a
container on a blow-mold machine, said blow-mold assem-
bly comprising;:

a first unitary blow-mold shell having a first end, a spaced
seccond end, and an elongate continuous sidewall
extending between said first and second ends,
respectively, said sidewall having an interior surface,
and an outwardly facing exterior surface;

a partial container molding cavity defined 1n said interior
surface;

a first cooling fluid circuit defined within said shell with
respect to a container neck forming portion of said
molding cavity; and

an mdependent second cooling fluid circuit defined within
said shell with respect to a container body forming
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portion of said molding cavity extending between the
first and second ends of said shell in a lengthwise
direction.

2. The blow-mold assembly of claim 1, further compris-
ing a second elongate blow-mold shell, said second shell
being substantially identical 1n construction to said first
shell, said first and second blow-mold shells being con-
structed and arranged to be releasably mated to one another.

3. The blow-mold assembly of claim 2, further compris-
ing a base member defining a container base forming portion
of the blow-mold assembly.

4. The blow-mold assembly of claim 3, said base member
being constructed and arranged to be held at the respective
second ends of said blow-mold shells as said shells are
mated to one another.

5. The blow-mold assembly of claim 3, said base member
including a third cooling fluid circuit defined therein with
respect to said container base forming portion.

6. The blow-mold assembly of claim 1, said first shell
further comprising:

at least one first fluid 1nlet opening, and at least one {first
fluid discharge opening, respectively, defined within
said shell and 1n communication with said first cooling
circuit; and

at least one second fluid inlet opening, and at least one
second fluid discharge opening, respectively, defined
within said shell and 1n communication with said
second cooling circuit.

7. The blow-mold assembly of claim 6, further compris-

Ing:

at least one first cooling fluid supply line 1n sealed fluid
communication with said at least one first fluid inlet
opening, and at least one first cooling fluid discharge
line 1n sealed fluid communication with said at least
one first fluid discharge opening; and

at least one second cooling fluid supply line 1n sealed fluid
communication with said at least one second fluid inlet
opening, and at least one second cooling fluid discharge
line 1n sealed fluild communication with said at least
one second fluid discharge opening, respectively.

8. The blow-mold assembly of claim 7, wherein each
respective one of said fluid supply and fluid discharge lines
comprises a length of a flexible fluid-tight hose.

9. The blow-mold assembly of claim 6, further compris-
Ing:

a shell holder constructed and arranged to receive said

first shell thereon, said first shell being fastened to said
first shell holder;

a first fluid supply passageway and a first fluid discharge
passageway, respectively, defined within said shell
holder 1n registry with said at least one first fluid inlet
opening and said at least one first fluid discharge
opening, respectively; and

a second fluid supply passageway and a second fluid
discharge passageway, respectively, defined within said
shell holder 1n registry with said at least one second
fluid inlet opening and said at least one second tluid
discharge opening, respectively.

10. The blow-mold assembly of claim 1, said shell further
comprising at least one annular mounting slot defined within
the exterior surface thereof, said slot being spaced from the
first end of the shell and extending perpendicularly with
respect to the length thereof.

11. A blow-mold assembly for use 1n the manufacture of
a blow-mold container, the container having a neck, a spaced
base, and an elongate body portion extending between the
neck and the base thereof, said assembly comprising;
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a first blow-mold shell and a substantially identical sec-
ond blow-mold shell, each said shell being constructed
and arranged to be releasably mated to the other, and
including:

1) a first end, a spaced second end, and an elongate

sidewall extending therecbetween, the sidewall having
an 1nterior surface and an outwardly facing exterior

surface;

i1) a partial container molding cavity defined in said
interior surface, said molding cavity defining a con-
tainer neck forming portion at the first end of the shell
and a container body forming portion extending in a
lengthwise direction between the respective ends of the

shell;

i11) a first cooling fluid circuit defined within the shell with
respect to said neck forming portion, and an indepen-
dent second cooling fluid circuit defined within the
shell with respect to said body forming portion;

iv) a first fluid inlet opening and a first fluid discharge
opening, respectively, defined within the shell and 1n
communication with said first cooling circuit; and

v) a second fluid inlet opening and a second fluid dis-
charge opening, respectively, defined within the shell in
communication with said second cooling circuit.

12. The blow-mold assembly of claim 11, wherein said
first cooling circuit 1s constructed and arranged to cool the
neck of the container as 1t 1s molded as a first cooling fluid
1s passed therethrough, and wherein said second cooling
circuit 1s constructed and arranged to cool the body of the
container as 1t 1s molded as a second cooling fluid 1s passed
therethrough.

13. The blow-mold assembly of claim 11, further com-
prising;

a first cooling fluid supply line in sealed fluid communi-
cation directly with said first fluid inlet opening and a
first cooling fluid discharge line 1n sealed fluid com-
munication directly with said first fluid discharge open-
ing; and

a second cooling fluid supply line 1n sealed fluid com-
munication directly with said second fluid inlet
opening, and a second cooling fluid discharge line 1n
sealed fluid communication directly with said second
fluid discharge opening.

14. The blow-mold assembly of claim 13, each respective
one of said fluid supply and discharge lines comprising a
length of a flexible fluid-tight hose.

15. The blow-mold assembly of claim 11, further com-
prising a base member constructed and arranged to be
received between the second ends, respectively, of each said
shell as said shells are mated to one another.

16. The blow-mold assembly of claim 15, said base
member defining a container base forming portion of the
molding cavity, said base member including a third cooling
fluid circuit defined therein with respect to said base forming
portion, said third circuit having a third fluid inlet opening
and a third fluid discharge opening in communication there-
with.

17. The blow-mold assembly of claim 16, wherein said
third cooling circuit 1s constructed and arranged to cool the
base of the container as 1t 1s molded as a third cooling fluid
1s passed through said third circuit.

18. The blow-mold assembly of claim 11, each said shell
further comprising at least one annular mounting slot
defined within the exterior surface thereof, said at least one
slot being spaced from the first end of the shell and extend-
ing perpendicularly with respect to the length of the shell.
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19. The blow-mold assembly of claim 11, further com-
prising a first shell holder and a second shell holder, a
respective one of said shells being releasably fastened to a
respective one of said shell holders.

20. A blow-mold shell adapted for use as part of a
blow-mold assembly, said shell comprising:

a unitary shell body having a first end, a spaced second
end, and an elongate continuous sidewall extending
between the first and second ends thereof;

said sidewall having an interior surface and an outwardly
facing exterior surface;

a partial molding cavity defined in said interior surface,
said molding cavity defining a container neck forming
portion at the first end of said body, and an elongate
container body forming portion extending between the
first and second ends of said body m a lengthwise
direction;

a first cooling fluid circuit defined within said body with
respect to the neck forming portion of the mold cavity;

at least one first fluid inlet opening and at least one {first
fluid discharge opening, respectively, defined within
said body and 1n communication with said first cooling
circuit;

a second cooling fluid circuit defined within said body

with respect to and along the body forming portion of
said mold cavity; and

at least one second fluid inlet opening and at least one
second fluid discharge opening, respectively, defined
within said body and 1n communication with said
second cooling circuit;

said first and said second cooling circuits being defined
within the shell body independently of one another.
21. The blow-mold shell of claim 20, wherein said shell
1s constructed and arranged to be releasably mated to a
substantially identical second one of said shells.
22. The blow-mold shell of claim 20, wherein the second
end of said shell 1s sized and shaped to be at least partially
closed about a base member of the blow-mold assembly.

10

15

20

25

30

35

14

23. The blow-mold shell of claim 20, further comprising
at least one annular mounting slot defined within the exterior
surface of said body, said slot being spaced from the first end
of said body and extending perpendicularly with respect to
the length thereof.

24. A method of blow-molding a container on a blow-
mold machine, the contamner having a neck, a spaced base,
and an elongate body extending between the neck and the
base thereof, said method comprising:

a) cooling a neck forming portion of a molding cavity
partially defined by a unitary mold shell by passing a
first cooling fluid through a first cooling fluid circuit
defined within the mold shell with respect to said neck

forming portion, and molding the neck of the container
such that the neck has a first wall thickness; and

b) cooling a body forming portion of said molding cavity
by passing a second cooling fluid through a separate
second cooling fluid circuit defined within the mold
shell with respect to said body forming portion, and
molding the body of the container such that the body
has a second wall thickness different than said first wall
thickness.

25. The method of claim 24, step b) comprising the step
of molding the body of the container so that said second wall
thickness 1s less than said first wall thickness.

26. The method of claim 24, including the steps of
providing a base member at the second ends of said mold
shells, cooling a base forming portion of the molding cavity
defined by said base member by passing a third cooling fluid
through a third cooling fluid circuit defined within said base
member with respect to said base portion, and molding the
base of the container such that the base has a third wall
thickness different than said second wall thickness.

27. The method of claim 26, the step of molding the base
of the container further comprising the step of molding the
base of the container such that said third wall thickness 1s
oreater than said second wall thickness.
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